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1. Introduction
In the recent years, industries actively attempt to 
reduce the dependence on petroleum based fuels and 
products due to the increasing environmental 
consciousness. This leads to the need to investigate 
environmentally friendly and sustainable materials to 
replace the existing synthetic fibres [1-3].  The increase 
of production and usage of plastics in every sector of our 
daily life lead to massive plastic wastes.  Disposal 
problems, as well as strong regulations and criteria for a 
cleaner and safer environment, have influenced such a 
great part of the scientific research towards eco-
composite materials.  Among the different types of eco-
composites, those which contain natural fibres and natural 
polymers are the ones more preferred to be used. In the 
last few years, polymeric biodegradable matrices have 
become commercial products.  However, their expensive 
price limits their widespread use.  Currently, the most 
viable way toward eco-friendly composites is the use of 
natural fibres as reinforcement [1-4].   
Composite structure are being increasingly used 
because they are attractive and perform better due to their 
enhanced physical and mechanical properties such as 
high strength, light weight and low manufacturing cost. 
Most of the structural components in the vehicle industry 
are made of composite materials as their energy 
absorption capability that employed to produce a 
crashworthy structure subjected to axial or non-axial 
loading [3-5]. Natural fibres represent a traditional class 
of renewable materials which, nowadays, are 
experiencing a revival.  In the recent years, there have 
been many researchers who emerged in the field of 
natural fibre reinforced plastics [6-10]. Most of the 
studies proposed composite as the target material, such as 
Glass Fibre Reinforced Polyester (GFRP) [11-13], 
Carbon Fibre Reinforced Polymer (CFRP) [14] and Fibre 
Reinforcement Polymer (FRP) [15]. 
There are few studies which deals with structural 
composites based on natural reinforcements.  These 
studies are mainly oriented towards housing applications 
where structural panels and sandwich beams were 
manufactured out of natural fibres and used as roofs [6]. 
Considering the high-performance standard of composite 
materials in terms of durability, maintenance and cost 
effectiveness, the application of kenaf natural fibre 
reinforced composites as construction material holds 
enormous potential and is critical to achieve 
sustainability.  Due to their low density and their cellular 
structure, natural fibres possess very good acoustic and 
Abstract: Natural fibres have the potential aspect to replace glass fibre reinforced composites. One of these fibers 
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thermal insulation properties and demonstrate many 
advantageous properties compared to fiberglass [16].  
Natural plant fibres can be economically and 
ecologically useful alternative to reinforcement fibres in 
polymeric composites. Due to their low cost in 
comparison to conventional fibres, kenaf fibre reinforced 
composites have great potential to be use in engineering 
applications. A growing environmental awareness across 
the world has aroused interest in research and 
development of environmentally friendly and sustainable 
materials. Natural plant based fibre were used as 
reinforcements for composite materials and give various 
advantages compared to conventional fibres.  
One of the main important aspects of the behaviour 
of natural plant fibre reinforced polymeric composites is 
their response to an impact load and the capacity of the 
composites to withstand their service life. Such damage 
may be caused by bumps or crashes, falling objects and 
debris. Some of the reported work [17] has suggested that 
natural fibre composites are very sensitive to impact 
loading. The major drawback is its low impact strength as 
compared to glass fibre reinforced thermoplastic and 
thermosets composites.  In a broader context, assessing 
the impact resistance of a composite material is always 
hard since the damage manifests itself in different forms 
such as delamination at the interface, fibre breakage, 
matrix cracking and fibre pulls out. 
Understanding the importance of kenaf as a potential 
for profit bio resource, the Malaysian National Kenaf and 
Tobacco Board (NKTB) announced nationwide 
cultivation process, which involve wide area and as many 
farmers in eight states in Malaysia in the year 2013 [18]. 
Based on their growth rate, kenaf are now involved in 
several provinces of Malaysia such as Pahang, Kelantan, 
Terengganu, Perak, Johore, Selangor, Negeri Sembilan 
and Malacca. Malaysian government considered kenaf as 
the next generation of major industrial crop in line with 
economic policy and development to create new sources 
and at the same time heavily promotes its production 
growth, to make it abundant, inexpensive and readily 
available. From the research reviews [19-21], these 
studies highlight to explore properties of industrial kenaf 
to project it as a prospective energy absorbing in the 
Malaysia which could be alternative sources of future 
energy demands in a growing population.  
Akil et al., (2011) studied on kenaf fibre reinforced 
composite and concluded that one of the reasons kenaf 
was favoured in research area is because it has good 
mechanical properties especially in terms of specific 
modulus or density. Today, kenaf fibres, which acted as 
reinforcement of composite material, arouse research 
interests.  In this research, kenaf natural fibre was 
selected based on their good mechanical properties. Fig 1 
shows the comparison of specific modulus of kenaf fibre 
with several other fibres. 
Kenaf fibre has very good characteristic compared to 
other natural fibres, i.e long fibre, small diameter, and 
high interfacial adhesion to matrix [22].  Kenaf is 
commercially available and economically cheaper 
amongst other natural fibres [18]. Other than that, kenaf 
is compliant to several types of soil to grow effectively 
and only need nominal chemical treatment [23]. 
However, there is only a few studies has been done on 
kenaf fibre to comprehensively understand the possibility 
of composites especially crashworthiness loading 
condition.  In this research, tensile tests were carried out 
on woven kenaf reinforced unsaturated polyester 
composite. Kenaf natural fibre composite has been used 
in research area, but only small portion has exploited for 
woven kenaf. 
This research is an attempt made to study the effect 
of woven kenaf fibre and orientation using Taguchi 
Method on energy absorption for polyester composites.  
To the best of knowledge [19-21,24], till now, there isn’t 
any significant work has been done in this area by using 
Taguchi method to optimize mechanical behaviour from 
kenaf reinforcement. From previous research [8,21] 
various fibre volume fractions were analysed to study the 
effect of kenaf reinforcement on the impact properties. A 
low velocity instrumented was employed to determine 
stress-strain, Young modulus, tensile strength behaviour 
for evaluating the performance in terms of load bearing 
capabilities and failure modes. The value of mechanical 
behaviour of woven kenaf reinforced polyester 
composites were analysed using Minitab software and 
fabricated new sample to get optimal result of mechanical 
behaviour. The failure mechanism of fractured specimens 
was assessed by high camera resolution. The mechanical 
behaviour of woven kenaf reinforced polyester 
composites was analysed using Minitab software and 
their response characteristics were discussed. 
 
 
Fig. 1 Comparison of specific modulus of kenaf fibre 
with several other fibres [6, 19] 
 
2. Experimental Procedure 
2.1 Taguchi method and variables 
The Taguchi method involves reducing the variation 
in process through robust design of experiments [25]. 
Conventional experimental design procedures were too 
complicated and difficult to apply.  The overall objective 
of the method was to produce high quality product at low 
cost to the manufacturers.  This method was developed 
for designing experiments to investigate how various 
parameters affect the mean and variance of a process 
performance characteristic, thus define how well the 
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process is functioning. The experimental design proposed 
by Taguchi [26-27] used orthogonal arrays to organize 
the parameters affecting the process and the level at 
which it should be varied.  It allows the collection of the 
necessary data to determine which factor most affect 
product quality with minimum amount of 
experimentation, and at the same manner saving time and 
resources. Analysis of variance on the collected data from 
the Taguchi design of experiments can be used to select 
new parameter values to optimize the performance 
characteristic.  
In this method, the general steps involving defining 
the test variables which affect the output parameter was 
varying orientation of angles from the layers.  The L9(3
4
) 
orthogonal array was used based on the number of 
parameters and levels that has been selected. These 
parameters were layered four times and investigated at 
three different angles for each composite. Taguchi 
method was applied for composite that have 4 layers [30] 
with different type of woven.  The selected angle was 
suggested by [7, 31]. Orthogonal arrays were then created 
for the parameter design indicating the orientation of each 
layer for experimental purposes. The arrangement of 
angle and trial for the experiment by using Taguchi 
method L9(3
4
) is as shown in Tables 1. Table 2 shows the 
rules of Taguchi method, whereas Table 3 shows the trial 
angle in experiment using orientation from Taguchi 
method. Next, experiment was conducted according to 
the completed array to collect the data on their effects 
towards the composite performance, and lastly data 
analysis was completed to determine the effects of 
different parameters towards composite performance.  
 
Table 1 The arrangement of angle [-15°/40°/75°] using 
Taguchi method. 
Indicator Parameter 1 2 3 
A 1
st 
layer -15  40 75 
B 2
nd
 layer -15 40 75 
C 3
th
 layer -15 40 75 
D 4
th
 layer -15 40 75 
 
Table 2 Taguchi method rules 
Trial A B C D 
1 1 1 1 1 
2 1 2 2 2 
3 1 3 3 3 
4 2 1 2 3 
5 2 2 3 1 
6 2 3 1 2 
7 3 1 3 2 
8 3 2 1 3 
9 3 3 2 1 
 
The most important stage in the design of experiment 
is selection of the control factor. Therefore, a large 
number of factors were included so that non-significant 
variables can be identified at earliest opportunity. 
Extensive literature review [32] on behaviour of 
composite reveal that fibre loading, resin, impingement 
angle and impact velocity largely influence the 
composites energy absorption values. 
 
Table 3 Trial angle of experimental using Taguchi 
method [-15°/40°/75°]. 
Trial A B C D 
S1 -15 -15 -15 -15 
S2 -15 40 40 40 
S3 -15 75 75 75 
S4 40 -15 40 75 
S5 40 40 75 -15 
S6 40 75 -15 40 
S7 75 -15 75 40 
S8 75 40 -15 75 
S9 75 75 40 -15 
 
In Table 3 each column represents a test parameter 
whereas each row stands for angle of orientation or test 
condition. These tables represent combination of 
parameter levels. In conventional full factorial 
experiment design, it would require 34 out of 81 runs to 
study five parameters each at three levels, whereas 
Taguchi’s factorial experiments approach reduces it to 
only nine runs offering great advantages in terms of 
experimental time and cost consumed. The experimental 
observations are further transforms into signal to noise 
(S/N) ratio using MINITAB software. The purpose of the 
MINITAB software is to investigate which design 
parameters significantly affect the quality of composite 
characteristic. There are several S/N ratios available 
depending on the type of performance characteristic. In 
this study, the S/N ratios for energy absorption can be 
express as ‘higher is better’ characteristic. S/N ratios 
were defined as follows: 
2
1
1 1
10log
n
i i
S
N n y
 
   
 
    (1) 
where n is the trial repetition and yi is the result of the ith 
experiment for each trial. 
 
2.2 Twill woven fabrication 
Yarn kenaf fibres were obtained from Kenaf Natural 
Fibre Industries (Malaysia) Sdn. Bhd. These fibres were 
chosen due to the abundant resources available in 
Malaysia.  The value of linear density for yarn kenaf is 
45tex, simulated and calculated using computed model 
software, according to the value of yarn kenaf diameter 
which is 1.0 mm and density of 1.4 g/cm
3
.  
Woven fabrics generally consist of two sets of yarns 
that were interlaced and lie at right angles to each other. 
The threads that run along the length of the fabric were 
known as warp ends whilst the threads that run from 
selvedge to selvedge, that is from one side to the other 
side of the fabric, were called weft picks. Warp yarns 
were tensioned within the loom, and weft yarns were 
inserted and pushed into place to make the fabric. Weft 
yarns were inserted by a shuttle batted through raised 
warp yarns. To separate the warp yarns, alternate warp 
yarns were attached to bars, which will raise the alternate 
warp yarns. Eventually, the bar was developed into 
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heddles and harnesses attached to foot pedals so the 
weaver could separate the warp yarns by stepping on the 
pedals, leaving the hands free for inserting the weft yarns.  
 
 
Fig. 2 Simplified drawing of a two-harness shuttle loom 
[21] 
 
 
(a) 
 
(b) 
Fig. 3 Fabrication of woven kenaf (a) yarn kenaf and (b) 
yarn setup. 
 
The warp was raised and lowered by harnesses-
heddles arrangement as shown in Fig. 2. A harness is a 
frame to hold the heddles. The harness position, the 
number of harnesses, and the warp yarns that were 
controlled by each harness determine the weave or 
interlacing pattern. A heddle is a wire with a hole in its 
centre through which warp yarn was threaded. A reed 
beats pushed the weft yarns into place to make the fabric 
firm. The reed was set in a frame and the spaces between 
the wires were called dents. Warp yarns were threaded 
through the dents in the reed. The spacing in the reed was 
related to desired number of warp yarns per inch in the 
woven fabrication. Reed is available with wide variety of 
spacing related to the density of the yarns. Carried of weft 
yarns through shed is called Shuttle. In the shuttle loom, a 
shuttle was thrown through the shed by picker’s sticks at 
both sides of the loom. The shuttle went to one side and 
then after the shed has changed, it went back to the other 
side. The amount of yarns at shuttle loom is limited to 
weft yarns insertions.  
 
 
Fig. 4 Twill woven kenaf 
 
Twill woven are selected in this research because, 
there have higher strength compared to other fabric 
structure [28]. The angle of twill was determined by the 
amount of shift in the points of interlacing, which is a one 
pick-one end shift twill weave and this is called 45° twill. 
The yarn kenaf are weaved using handloom machine as 
shown in Fig 3 (a) and the fibre fabrication for yarn setup 
is shown in Fig 3 (b).  
As for twill weave, each warp or weft yarn floats 
across two or more weft or warp yarns with a progression 
of interlacing by one to the right or left. In this study, 
twill weave that were used are 2:1 which the numerator 
indicates the number of harness that are raised. The first 
warp yarn was threaded through a heddle in the first 
harness, the second warp yarn through a heddle in the 
second harness, and the third warp yarn through a heddle 
in the third harness. This process was repeated until the 
entire set of warp yarns were threaded through the three 
harnesses. In weaving the first weft yarn, the first two 
harnesses were raised and the third harness was lowered. 
For the second weft yarn, the shed changes so that 
harness 2 and 3 were raised, harness 1 and 3 and lowering 
harness 2. This were produced the length of float and 
progression of interlacing described earlier in the 
definition. This interlacing pattern was repeated until the 
entire woven was completed. The structure of kenaf twill 
woven is shown in Fig 4. 
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2.3 Composite preparation 
In order to compare the mechanical performance of 
each composite, several different parameters were used 
such as angles and orientations while the fibre volume 
fraction of kenaf is constant.  To strengthen the 
composite, woven fibres were hardened with polyester 
resin, which was selected due to its low density and good 
mechanical strength.  The woven fibres were arranged 
into specific orientation following Taguchi method rule 
as shown in Table 2. Furthermore, before the samples 
were placed in mould and compression moulding process 
started, the mould was sprayed with silicone to facilitate 
composite was removed from the mould. Fabric with the 
size of 250 x 25 mm which follows accordingly the 
standard of ASTM D3039 was placed on top of the 
mould. The specimens were compressed at 1 kPa pressure 
for 4-6 hour at room temperature. Compressions were 
conducted by using hydraulic press machine.  Laminated 
kenaf woven were stacked to archive the desired stiffness 
and thickness. Each lamina was oriented following 
Taguchi method arrangement to get higher strength of 
composite. To get the optimal result, three specimens 
were evaluated for each structure. Fig 5 (c) shows the 
final sample of four layered twill woven kenaf. 
 
2.4 Tensile test 
Tensile test was carried out using Universal Testing 
Machine to characterize the stress/strain behaviours of 
composites according to ASTM D3039 standard with 
dimensions of 250 mm length, 25 mm width and 3 mm 
thick. In order to obtain significant result, three samples 
were tested for each condition. The speed used in the 
testing was 5mm/min and conducted at room temperature. 
These tests determined the behaviour of the specimen 
such as elongation, nominal strain, Young’s modulus and 
tensile strength.  The typical tensile specimens as shown 
in Fig 6. 
The specimens were positioned vertically in the 
wedge type grips of the testing machine. The grips were 
then tightened evenly and firmly to prevent any slippage 
with the gauge length was kept constant at 150 mm.  The 
important part of the specimen was gauge section.  Cross-
sectional area of the specimen gauge section remained 
from deformation and failed to localize in the region. The 
gauges length is areas where measurements were made 
and based on the gauge section. When the test started, the 
specimen elongates, where the resistance of the specimen 
increases and was detected by a load cell. The load value 
was recorded until a rupture in the specimen occurs. The 
tensile equipment calculates the tensile properties such as 
tensile strength, yield strength, breaking stress and 
elongation at break. Universal testing machine that were 
used for tensile test is as shown in Fig 7. 
 
 
(a) 
 
(b) 
 
(c) 
Fig. 5 Composite fabrication (a) angle of orientations (b) 
fabric in mould and (c) final sample. 
 
Young’s Modulus was calculated by drawing a 
tangent to the initial linear portion of the stress strain 
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curve. Two point on this tangent was selected and the 
tensile stress was divided by the corresponding strain. For 
purposes of this calculation, the tensile stress shall be 
calculated by dividing the load with the average original 
cross section of the test specimen, as in Equation 2. The 
result was expressed in MPa. 
 
 
/
/
P A
E
e L L

 

    (2) 
 
where, P is a load at point on tangent, A is cross sectional 
area, ΔL is elongation at point on tangent and L is initial 
gage length. Tensile strength was calculated by dividing 
the load at break by the original cross-sectional area of 
the material, as in Equation 3. The result was also 
expressed in MPa. 
o
P
A
       (3) 
where, P is a maximum load at point on tangent and Ao is 
original cross-sectional area.  
Another crucial factor for woven fabric was 
extension percentage. It is defined as the ratio between 
elongation that a specimen undergoes and its initial length 
expressed in percentage called extension percentage, as in 
Equation 4. Breaking extension is the percentage at the 
breaking point [28]. 
  
 
l
l

        (4) 
 
where, Δl is elongation of the gage length of the specimen 
and l is original gage length. 
 
Fig 6. Typical tensile specimen 
 
3. Results and Discussion 
3.1 Stress-strain curves of twill woven 
In this study, tensile tests determined the mechanical 
behaviour of the specimen tested such as, Young’s 
modulus, tensile strength and nominal stress-strain. The 
test was only conducted to twill woven because it has 
higher strength compared to other types woven [28, 33]. 
In order to get higher elastic deformation, the tensile test 
was carried out on warp position for each sample. 
Referring to research conducted by [34], warp direction 
has more strength than the weft direction. In the fabric 
construction, the warp yarn was firmer. There was low 
crimp and the presence of ends was more than picks. In a 
nutshell, the weft yarn has less tensile strength than the 
warp yarn.  
 
 
Fig. 7 Universal Testing Machine 
 
The values of Young’s modulus were taken from 
initial linear portion of the stress strain curve. Tensile 
strength indicates the ability of a composite material to 
withstand forces that pull it apart as well as the capability 
of the material to stretch prior to failure. Furthermore, it 
was considered as one of the most vital aspects for the 
characterization of woven fabric excellence as well as 
performance. Tensile strength of a woven was one of the 
most important properties, which makes it superior in 
many applications as compared to non-woven fabrics                      
[35-36]. In contrast with other fabrics, woven fabrics 
showed superior dimensional performance in both 
vertical and horizontal direction along with utmost cover 
thread packing compactness [20]. 
The loads for tensile test were considered under warp 
axial following the angle of arrangement by Taguchi 
method. Generally, the warps yarns undergo greater stress 
than the weft yarns. Warps yarns usually have relatively 
high twist unlike weft yarns, where the twist was usually 
kept as low as possible. In previous research [37] 
investigated the influence of woven structure on 
mechanical properties. In this research, mechanical 
strength and modulus in warp direction are higher than 
those in weft direction. The warp yarns in the laminate 
are with perform cross angles in parallel or nearly parallel 
and were being stretched; they would work together to 
undertake the tensile test resulting in greater tensile 
strength.  
The effects of fibre loadings and lengths on resultant 
composite’s tensile properties were evaluated. Fig 7 
shows a typical stress-strain curve from nine samples of 
twill woven undergone tensile test. The shape of the 
curve was similar for all samples, where the plotted curve 
was divided into three stages. Stage 1 represented the 
S.N.A Khalid et al., Int. J. of Integrated Engineering Vol. 10 No. 4 (2018) p. 49-59 
 55 
proportional limit of a material. A material loaded in 
tension beyond stage 1 when unloaded exhibit permanent 
deformation. The initial portion of the curve below stage 
1 represents the elastic region and approximated by a 
straight line. The slope of the curve in the elastic regions 
was defined as Young’s modulus.  
 Stage 2 represents the offset yield strength and 
was found by constructing a line 0.2% parallel to the 
curve in the elastic region. Stage 2 represents the yield 
strength by extension under load. The ultimate tensile 
strength or peak stress was represented by stage 3. Total 
elongation which includes both elastic and plastic 
deformation was the amount of uniaxial strain at fracture 
occurred at stage 3. Percentage of elongation at break 
reports the amount of plastic deformation of a material.  
From the results obtained in Fig 8, S3 has the highest 
stress before break as compared to others. This was 
because of the usage of orientation which was [-
15°/75°/75°/75°] and angle of -15° resulted in the cross of 
the position between yarn kenaf composite.  Bonding 
interaction between yarns was very strong. S1 showed 
lower stress because of their orientation [-15°/-15°/-15°/-
15°] indicating poor bonding interaction between yarns. 
Samples S8 and S9 with orientations [75°/40°/-15°/75°] 
and [75°/75°/40°/-15°] respectively has maximum strain 
compared to other woven. This was due to the 
combination of angle. At the same time, both samples do 
not have a lot of yarn in the same position and this 
affected the tensile strength measured. It shows that 
higher number or yarns in each woven area represents 
better tensile properties.  
 
 
Fig. 8 Stress strain curves of twill woven 
 
According to previous research [38], the tensile 
strength of a composite material was mainly depended on 
the strength, modulus of fibre and the effectiveness of the 
bonding strength between matrix and fibre in transferring 
stress across the interface. Through the incorporation of 
kenaf twill woven, the value of stress-strain composites 
changes when the orientations changed, as shown in Fig 
8. It because orientations for each layered gives different 
elastic stage of each composite.  The composites consist 
of low stiffness matrix with orientation [-15°/-15°/-15°/-
15°]. The composite behaviour has a closed relationship 
with fibre interval and interfacial strength and orientation 
of fibre might be changes the value of mechanical 
behaviour of composite. 
 
3.2 Comparing twill woven after 
optimization 
Fig 8 and 9 showed Young’s modulus and tensile 
strength against nine samples with different orientations. 
From the result obtained in Fig 8 and 9, the strength was 
random for each sample. This was due to the mechanical 
behaviour of composite, where the angle of orientation is 
the most important part that increased the tensile strength.  
Due to the result obtained on Fig 9 and 10 after 
optimization, the new orientation recommended by 
simulation from Minitab is [40°/75°/40°/40°]. 
 
 
Fig 9. Young’s Modulus for twill woven 
 
 
Fig. 10 Tensile strength for twill woven 
 
The value of Young’s modulus after optimization 
was 5761.7 MPa, 4.23% higher compared on un-
optimized result. Meanwhile, for tensile strength, the 
value after optimization was 55.7 MPa, 3.77% higher 
compared on un-optimized result.  This was due to the 
fact that twisting yarns with suitable angle improved their 
tensile strength. Regardless of the fibre material, fibre 
pattern has been found to influence the composite 
properties based on the morphological and structural 
parameters [39]. Taguchi method based, optimization of 
the parameters are used to produce the best possible 
quality without increasing any cost. Based on 
optimization result, Taguchi Method was proved that 
produce higher modulus elasticity and tensile strength as 
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well as the best performance of static loading. Results 
compared with previous research in Table 4 shows that 
by using new angle orientation suggested by Taguchi 
method improved the tensile strength of kenaf fibre 
composites. 
 
3.3 Composite fragmentation of twill woven 
Fig 10 presents the comparison of fracture 
mechanism under axial tensile force among the nine 
samples. In general, the fracture mechanisms were almost 
similar where the surfaces rupture was perpendicular to 
the axis of loading. Generally, the fractured surface 
indicated that the compatibility between the woven 
performance for different orientations with polyester 
resin. From the observation, samples 3 and 4 have large 
fractured surface compared to others where poor 
impregnation of yarns at the centre of fracture occurred. 
Based on the fragmentation reviews, the orientations of 
yarns was very important to produce a strong bond of a 
composite. Referring to the fractured surface in Fig 11, 
the tensile strength of a composite was a reflection of the 
yarns and the structure of orientations. Sometimes, 
because of the crimp, the woven strength was less than 
the strength of twisted yarns, and because of the twist in 
the yarns, the yarns strength was less than the strength of 
the woven. However, it was possible to decrease fracture 
surface and increase the woven strength by rearranging 
the angle orientations for each layer.  Most portion of 
kinetic energy of the gripped was expended in plastic 
deformation at the target material before cracking. 
 
Table 4 Comparison mechanical properties of kenaf 
composites from this research with previous research. 
Ref. Fibre Type Resin 
Tensile 
Strength 
(MPa) 
Young 
Modulus 
(GPa) 
Current 
work 
Woven kenaf 
(Orientation) 
Polyester 58 5.8 
[10] 
Chopped 
Kenaf 
Epoxy 26.2 1.13 
[41] 
Woven kenaf 
(Untreated 
NaOH) 
Epoxy 24 1.1 
[41] 
Woven kenaf 
(Treated 
NaOH) 
Epoxy 27 2.9 
[25] Woven kenaf Epoxy 16.46 0.5 
[5] Short fibre Polyester 26.5 1.3 
[42] 
Unidirectional 
30 vol.% 
Epoxy 12.4 14.4 
[42] 
Unidirectional 
40 vol.% 
Epoxy 16.4 18.15 
[43] 
Long and 
discontinuous 
PP 18 0.7 
[19] Short fiber PP 47 4.153 
 
Composite damage might be affected by fibre 
interval and interfacial strength between fibre and matrix 
resin because mechanical properties and composite 
damage were related to the interaction between fibre and 
resin [40-42]. It was quite difficult to evaluate the effect 
of composite damage on tensile strength by using actual 
fibre reinforcement. Therefore, specimens were formed 
by changing the angle of yarn fibre, the fibre interval and 
the interfacial strength on tensile strength and the 
composite damage.  
Tensile test on multi fibre orientated showed that 
tensile strength change when the fibre intervals were 
widened because the tensile strength was affected by 
composite damage such as interfacial bonding and fibre 
break. This demonstrates that composite damage has a 
close relationship with fibre interval and interfacial 
strength, and that strength might be increased by 
controlling them. 
 
3.4 Fragmentation of twill woven after 
optimization 
In order to improve strength of a composite, a new 
orientation as suggested by Minitab software were 
fabricated. Fig 12 shows the fractured surface of tensile 
test for will woven after optimization. The orientations 
that are suggested after analysis of twill were 
[40°/75°/40°/40°]. By comparing with Fig 11, it can be 
seen that by using new orientation has improved fracture 
mechanism. As can be observed, due to the approaching 
of the matrix crack, tensile normal stress bands was 
formed in the interface just above the matrix crack, while 
the rest of the interface was still in compressive stress. By 
comparing fracture surface before and after optimization 
in Fig 11 and 12, there was a clear decreasing fractured 
surface.  
Frequently, the fibres were held together by frictional 
force arising from the disposition of orientations of the 
structure on composites.  Previous research [28] 
mentioned that, it is unambiguous that the tensile 
behaviour of a composite is vastly reliant on the weave 
and orientation designs. Higher interlacements causes 
higher crimps in the load bearing direction may lead to 
lower breaking strength and too much larger floats also 
cause lower breaking strength due of looser structure. 
Thus, the fractured surface images indicated the 
compatibility between woven with new orientation 
verified by using Taguchi method. The angle of 
orientation was a critical part that can increase the end 
breakage rate. 
 
4. Summary 
A natural fibre based composite with a twill of 
woven reinforced material was fabricated using 
unsaturated polyester resin. Since there were hundreds of 
fibre that could be utilized in natural fibre composite, 
optimization in design of experiments was essential in 
fabricating natural fibre composite. The objective of these 
experiments was to understand how Taguchi method 
works in optimizing the angle orientation that offered the 
best result in mechanical behaviour to find the best 
combination of angle arrangements which produce the 
highest mechanical strength on kenaf twill woven 
composite.  
 
S.N.A Khalid et al., Int. J. of Integrated Engineering Vol. 10 No. 4 (2018) p. 49-59 
 57 
 
 
 
 
 
  
 
 
Fig. 11 Fragmentations for twill woven 
 
However, optimizing the selected parameters by 
Taguchi method was held to produce optimal composites 
to enhance the properties of fibre composition. In this 
method, less number of experiments was carried out. 
Hence, time and cost are reduced considerably. Main 
analysis was performed based on the average output of 
the quality characteristic. After the experimental results 
were fully satisfied, Young modulus and tensile strength 
of composite were analysed using Minitab software.  
From the analysis, the best orientations that produce the 
highest strength were found.  Taguchi method was 
performed to optimize the fibre orientation with respect to 
experimental result and to analysing which angle produce 
high strength to composite. 
The experiments were conducted to validate the 
results obtained by Taguchi orthogonal array. The 
experimental results were compared with each other. By 
referring to the result, fibre orientation after optimization 
produces higher Young’s modulus and tensile strength. 
Therefore, during this study, effectiveness of orientation 
closure approximately influence on the result. The result 
shows that the fibre orientation is the most significant 
fabrication parameter which greatly affects the 
mechanical behaviour. Experimental results indicated that 
the orientation for each layered on composite had a 
significant interaction effect on Young’s modulus, and 
tensile strength. It was proved that the multiple 
performance characteristic of the woven kenaf reinforced 
composites can be effectively improved by this method. 
 
 
Fig. 12 Fragmentation after optimization 
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